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(54) VEHICLE MOTOR DRIVE DEVICE AND AUTOMOBILE

(57) A motor drive assembly for a vehicle is proposed
which can prevent a two-way roller clutch of the current
speed ratio and a two-way roller clutch of the next speed
ratio from engaging simultaneously. This assembly in-
cludes a first-speed friction plate (52a) formed with en-
gaging protrusions (66a) on the first-speed side, a shift
ring (51) formed with engaging recesses (65). While the
shift ring (51) is in a first-speed shift position SP1f, the
engaging protrusions (66a) are adapted to be engaged
in the engaging recesses (65), thereby preventing rota-
tion of the shift ring (51) relative to the first-speed friction
plate (52a). The shift ring (51) is further provided with
projections (63) on its inner periphery. The drive assem-
bly further includes an annular protrusion (58) formed
with cutouts (62). When the projections (63) are axially
and circumferentially displaced from the respective cut-
outs (62), the projections (63) are adapted to interfere
with the annular protrusion (58), thereby preventing axial
movement of the shift ring (51) between the first-speed
shift position SP1f and a second-speed shift position
SP2f.
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Description

TECHNICAL FIELD

[0001] This invention relates to a motor drive assembly
for a vehicle including an electric motor as a driving
source and configured to reduce and transmit the rotation
of the electric motor to vehicle wheels, and a motor ve-
hicle carrying this motor drive assembly.

BACKGROUND ART

[0002] A typical conventional motor drive assembly
used in electric vehicles or hybrid vehicles includes an
electric motor, a transmission for changing the rotational
speed of the electric motor, and a differential for distrib-
uting the rotation produced from the transmission to right
and left vehicle wheels.
[0003] By changing the speed ratio of the transmission
of this motor drive assembly according to the travel con-
ditions, it is possible to use the electric motor at the op-
timum rpm and torque range both while the vehicle is
being driven and during regenerative braking.
[0004] By using an optimum speed ratio, it is possible
to minimize the rotational speeds of rotary members of
the transmission and thus the power loss of the trans-
mission, thereby improving the energy efficiency of the
vehicle.
[0005]   The below-identified Patent document 1 dis-
closes a vehicle transmission of the below-described
type.
[0006] A transmission including an input shaft to which
the rotation of an engine is applied, a second-speed input
gear and a third-speed input gear mounted on the input
shaft, a second-speed output gear and a third-speed out-
put gear meshing with the second-speed and third-speed
input gears, respectively, an output gear carrying the sec-
ond-speed and third-speed output gears, an electromag-
netic multiple disk clutch provided in a torque transmis-
sion line extending from the engine to the input shaft,
wherein the second-speed and third-speed input gears
are rotatably supported by bearings, respectively,
a second-speed two-way roller clutch through which
torque is selectively transmitted between the second-
speed input gear and the input shaft, a third-speed two-
way roller clutch through which torque is selectively trans-
mitted between the third-speed input gear and the input
shaft, and a shifting actuator for selectively engaging ei-
ther one of the second-speed two-way roller clutch and
the third-speed two-way roller clutch,
wherein the second-speed two-way roller clutch includes
a cylindrical surface formed on the inner periphery of the
second-speed input gear, cam surfaces formed on the
outer periphery of the input shaft, rollers disposed be-
tween the cam surfaces and the cylindrical surface, a
second-speed retainer retaining the rollers and rotatable
relative to the input shaft between an engaged position
where the rollers are engaged between the cam surfaces

and the cylindrical surface and a neutral position where
the rollers are disengaged, and a switch spring biasing
the retainer  toward the neutral position,
wherein the third-speed two-way roller clutch is similar
in structure to the second-speed two-way roller clutch,
and
wherein the shifting actuator includes a second-speed
friction plate rotationally fixed to the retainer on the sec-
ond-speed side and axially movable between two posi-
tions in contact with and away from the side of the second-
speed input gear, a separation spring biasing the second-
speed friction plate away from the side of the second-
speed input gear, a third-speed friction plate rotationally
fixed to the retainer on the third-speed side and axially
movable between two positions in contact with and away
from the side of the third-speed input gear, a separation
spring biasing the third-speed friction plate away from
the side of the third-speed input gear, a shift ring axially
movable between a second-speed shift position where
the shift ring presses the second-speed friction plate
against the side of the second-speed input gear and a
third-speed shift position where the shift ring presses the
third-speed friction plate against the side of the third-
speed input gear, and a shift mechanism for axially mov-
ing the shift ring.
[0007] With this transmission, while the shift ring is in
the second-speed shift position, due to the frictional force
between the side of the second-speed input gear and the
surface of the second-speed friction plate in contact with
the side of the second-speed input gear, the second-
speed friction plate rotates relative to the input shaft, thus
rotating the retainer on the second-speed side, which is
rotationally fixed to the second-speed friction plate, from
the neutral position to the engaged position. The second-
speed two-way roller clutch thus engages.
[0008] By axially moving the shift ring of this transmis-
sion from the second-speed shift position to the third-
speed shift position, it is possible to disengage the sec-
ond-speed two-way roller clutch and engage the third-
speed two-way roller clutch, in the following manner.
[0009] When the shift mechanism is activated and the
shift ring begins to move axially from the second-speed
shift position toward the third-speed shift position, the
second-speed friction plate separates from the side of
the second-speed input gear under the biasing force of
the separation spring. This allows the retainer on the sec-
ond-speed side to return to the neutral position from the
engaged position, disengaging the second-speed two-
way roller clutch.
[0010] When the shift ring reaches the third-speed shift
position, and thus the third-speed friction plate contacts
the side of the third-speed input gear, the third-speed
friction plate rotates relative to the input shaft due to the
frictional force between the contact surfaces, thus mov-
ing the retainer on the third-speed side, which is rotation-
ally fixed to the third-speed friction plate, from the neutral
position to the engaged position. The third-speed two-
way roller clutch thus engages.
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[0011] Conversely, by axially moving the shift ring from
the third-speed shift position to the second-speed shift
position, it is possible to disengage the third-speed two-
way roller clutch and engage the second-speed two-way
roller clutch.

PRIOR ART DOCUMENT(S)

PATENT DOCUMENT(S)

[0012]

Patent document 1: JP Patent Publication
2004-211834A

SUMMARY OF THE INVENTION

OBJECT OF THE INVENTION

[0013] In the above-described transmission, if torque
is being transmitted through the two-way roller clutch cor-
responding to the current speed ratio when a trial is made
to disengage this two-way roller clutch, this torque acts
to prevent disengagement of this two-way roller clutch.
[0014] As a result, when the shift mechanism begins
to axially move the shift ring from the shift position cor-
responding to the current speed ratio toward the shift
position corresponding to the next speed ratio, the two-
way roller clutch of the current speed ratio could remain
engaged, even after the friction plate of the current speed
ratio has separated from the side of the input gear of the
current speed ratio.
[0015] In such a case, when the shift ring reaches the
shift position corresponding to the next speed ratio, the
two-way roller clutches corresponding to the current
speed ratio and the next speed ratio are both engaged.
In this state, since the torque is transmitted through two
paths which are different in speed ratio, the input shaft
and the output shaft cannot rotate. This could destroy
the transmission.
[0016] An object of the present invention is to provide
a motor drive assembly for a vehicle which can reliably
prevent the two-way roller  clutches corresponding to the
current and next speed ratios from engaging simultane-
ously.

MEANS FOR ACHIEVING THE OBJECT

[0017] In order to achieve this object, the present in-
vention provides a motor drive assembly for use in a ve-
hicle, comprising
an electric motor, an input shaft to which the rotation of
the electric motor is transmitted, a first input gear and a
second input gear both mounted on the input shaft, a first
output gear and a second output gear meshing with the
first input gear and the second input gear, respectively;
an output shaft carrying the first output gear and the sec-
ond output gear, a differential through which the rotation

of the output shaft is distributed to right and left wheels,
wherein either the first input gear, the second input gear
and the input shaft or the first output gear, the second
output gear and the output shaft constitute a first control
gear, a second control gear and a control gear support
shaft, respectively, the first and second control gears be-
ing rotatably supported by the control gear support shaft
through respective bearings,
a first two-way roller clutch through which torque can be
selectively transmitted between the first control gear and
the control gear support shaft, a second two-way roller
clutch through which torque can be selectively transmit-
ted between the second control gear and the control gear
support shaft, and a shifting actuator for selectively en-
gaging either one of the first two-way roller clutch and
the second two-way roller clutch,
wherein the first two-way roller clutch comprises a cylin-
drical surface formed on one of the inner periphery of the
first control gear and  the outer periphery of the control
gear support shaft, cam surfaces formed on the other of
the inner periphery of the first control gear and the outer
periphery of the control gear support shaft, rollers mount-
ed between the respective cam surfaces and the cylin-
drical surface, a first retainer retaining the rollers and
rotatable relative to the control gear support shaft be-
tween an engaging position where the rollers are en-
gaged between the respective cam surfaces and the cy-
lindrical surface and a neutral position where the rollers
are not engaged, and a first switch spring elastically bi-
asing the first retainer toward the neutral position,
wherein the second two-way roller clutch comprises a
cylindrical surface formed on one of the inner periphery
of the second control gear and the outer periphery of the
control gear support shaft, cam surfaces formed on the
other of the inner periphery of the second control gear
and the outer periphery of the control gear support shaft,
rollers mounted between the respective cam surfaces
and the cylindrical surface, a second retainer retaining
the rollers and rotatable relative to the control gear sup-
port shaft between an engaging position where the rollers
are engaged between the respective cam surfaces and
the cylindrical surface and a neutral position where the
rollers are not engaged, and a second switch spring elas-
tically biasing the second retainer toward the neutral po-
sition,
wherein the shifting actuator comprises a first friction
plate rotationally fixed to the first retainer and axially mov-
able between a position in contact with a side of the first
control gear and a position spaced apart from the side
of the first control gear, a first separation spring biasing
the first friction plate in a direction away from the side of
the first control gear, a second friction plate rotationally
fixed to the second retainer and axially movable between
a position in contact with a side of the second  control
gear and a position spaced apart from the side of the
second control gear, a second separation spring biasing
the second friction plate in a direction away from the side
of the second control gear, a shift ring axially movable
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between a first shift position where the shift ring presses
the first friction plate against the side of the first control
gear and a second shift position where the shift ring
presses the second friction plate against the side of the
second control gear, and a shift mechanism for axially
moving the shift ring,
wherein one and the other of the first friction plate and
the shift ring are formed with a first engaging protrusion
and a first engaging recess, respectively, the first engag-
ing protrusion and the first engaging recess being con-
figured such that when the shift ring is in the first shift
position, the first engaging protrusion is engaged in the
first engaging recess, thereby preventing rotation of the
shift ring relative to the first friction plate, and when the
shift ring is in the second shift position, the first engaging
protrusion is not engaged in the first engaging recess,
wherein one and the other of the second friction plate
and the shift ring are formed with a second engaging
protrusion and a second engaging recess, respectively,
the second engaging protrusion and the second engag-
ing recess being configured such that when the shift ring
is in the second shift position, the second engaging pro-
trusion is engaged in the second engaging recess, there-
by preventing rotation of the shift ring relative to the sec-
ond friction plate, and when the shift ring is in the first
shift position, the second engaging protrusion is not en-
gaged in the second engaging recess,
wherein a projection and an annular protrusion are
formed on one and the other of the inner periphery of the
shift ring and the outer  periphery of the control gear sup-
port shaft, respectively, wherein the annular protrusion
is formed with a cutout through which the projection can
axially pass, and wherein the projection and the annular
protrusion are configured such that when the projection
is axially aligned with the cutout of the annular protrusion,
the projection can pass through the cutout, thereby al-
lowing axial movement of the shift ring between the first
shift position and the second shift position, and when the
projection is axially separated from and circumferentially
displaced from the cutout of the annular protrusion, the
projection interferes with the annular protrusion, thereby
preventing axial movement of the shift ring between the
first shift position and the second shift position.
[0018] With this motor drive assembly for use in a ve-
hicle, while the shift ring is in the first shift position, the
first friction plate is brought into contact with the side of
the first control gear. Thus, due to the frictional force be-
tween the contact surfaces, the first friction plate rotates
relative to the control gear support shaft, thus moving the
first retainer, which is rotationally fixed to the friction plate,
from its neutral position to engaged position. The first
two-way roller clutch thus engages.
[0019] While the shift ring is in the first shift position,
the first engaging protrusion is engaged in the first en-
gaging recess, rotationally fixing the shift ring relative to
the first friction plate, thus rotationally fixing the shift ring
to the first retainer through the first friction plate. In this
state, when the first retainer moves from the neutral po-

sition to the engaged position, the shift ring rotates to-
gether with the first retainer. This circumferentially dis-
places the projection and the cutout of the annular pro-
trusion from each  other. Thus in this state, if an attempt
is made to move the shift ring from the first shift position
to the second shift position, as long as the first retainer
is in the engaged position, the projection interferes with
the annular protrusion, thus preventing movement of the
shift ring to the second shift position.
[0020] When the shift mechanism is activated such that
the shift ring begins to move axially from the first shift
position toward the second shift position, the first two-
way roller clutch disengages and the second two-way
roller clutch engages, in the manner described in detail
below.
[0021] When the shift mechanism is actuated and the
shift ring begins to move from the first shift position toward
the second shift position, the first friction plate moves in
a direction away from the side of the first control gear
under the biasing force of the separation spring. This
reduces the friction between the friction plate and the first
control gear, allowing the first retainer to move from the
engaged position to the neutral position under the biasing
force of the switch spring, thus disengaging the first two-
way roller clutch.
[0022] When the shift ring begins to axially move from
the first shift position toward the second shift position, if
the first retainer should fail to move from the engaged
position to the neutral position due e.g. to torque trans-
mitted through the first two-way roller clutch, the projec-
tion is kept circumferentially displaced from the cutout
and thus interferes with the annular protrusion, prevent-
ing the shift ring from moving axially from the first shift
position to the second shift position. This prevents the
first  two-way roller clutch and the second two-way roller
clutch from engaging simultaneously.
[0023] On the other hand, if the first retainer moves
smoothly from the engaged position to the neutral posi-
tion simultaneously when the shift ring begins to move
axially from the first shift position toward the second shift
position, the shift ring and the first friction plate can rotate
together with the first retainer until the projection axially
aligns with the cutout because the first friction plate is
rotationally fixed to the first retainer. This allows the pro-
jection to pass through the cutout and thus the shift ring
to axially move between the first shift position and the
second shift position.
[0024] When the shift ring reaches the second shift po-
sition, the second friction plate contacts the side of the
second control gear, so that the second friction plate ro-
tates relative to the control gear support shaft due to the
frictional force between their contact surfaces. This
moves the second retainer from the neutral position to
the engaged position, thus engaging the second two-way
roller clutch.
[0025] By axially moving the shift ring from the second
shift position to the first shift position, it is possible to
disengage the second two-way roller clutch and engage
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the first two-way roller clutch in the similar manner as
described above.
[0026] If torque is being transmitted through one of the
first and second two-way roller clutches in the current
speed ratio when an attempt is made to disengage this
roller clutch, this torque makes it difficult to disengage
the clutch. Thus, when the shift ring begins to axially
move from the current speed shift position toward the
next speed shift position, the two-way roller clutch of the
current speed ratio could remain engaged even after the
current speed friction plate has been separated from the
side of the current speed control gear.
[0027] In order to reliably disengage, when necessary,
the two-way roller clutch of the current speed ratio, the
above-described motor drive assembly for a vehicle may
includes an electronic control unit for controlling the
movement of the shifting actuator and torque generated
from the electric motor.
[0028] The electronic control unit comprises
a shifting movement start control means for starting
movement of the shift ring from one of the first shift po-
sition and the second shift position corresponding to the
current one of two speed ratios toward the other shift
position, which corresponds to the next one of the two
speed ratios, when a command is received to shift the
speed ratio by disengaging one of the first two-way roller
clutch and the second two-way roller clutch correspond-
ing to the current speed ratio and engaging the other two-
way roller clutches, which corresponds to the next speed
ratio,
a position determining means for determining whether
the shift ring has reached a predetermined torque control
starting position after the control of the shifting movement
start control means has been executed,
a torque control means for controlling the torque gener-
ated from the electric motor such that torque transmitted
between the input shaft and the output shaft decreases
to zero or is reversed in direction when the shift  position
determining means determines that the shift ring has
reached the torque control starting position; and
a synchronization control means for synchronizing the
rotational speed of the input shaft with the rotational
speed of the output shaft corresponding to the next speed
ratio after controlling the torque with the torque control
means.
[0029] With this arrangement, the torque control
means of the electronic control unit controls the torque
generated from the electric motor such that the torque
transmitted between the input shaft and the output shaft
decreases to zero or is reversed in direction. With this
arrangement, the torque transmitted between the input
shaft and output shafts does not act to prevent disen-
gagement of the two-way roller clutch of the current
speed ratio, so that it is possible to reliably disengage
the two-way roller clutch of the current speed ratio.
[0030] Torque is being transmitted between the input
shaft and the output shaft after the shift ring begins to
move until the shift ring reaches the torque control start-

ing position. Thus, compared to a conventional arrange-
ment in which the torque generated from the electric mo-
tor is controlled such that the torque transmitted between
the input shaft and the output shaft decreases to zero as
soon as the shift ring begins to move, the period during
which torque is not being transmitted between the input
shaft and the output shaft is short.
[0031] The electronic control unit may further includes
a torque direction determining means for determining
whether the torque being transmitted  between the input
shaft and the output shaft is torque in a positive direction
that tends to accelerate the output shaft from the input
shaft, or torque in a negative direction that tends to de-
celerates the output shaft from the input shaft, when the
command to shift the speed ratio is received. With this
arrangement, the torque control means can control the
torque generated from the electric motor according to the
direction of the torque detected by the torque direction
determining means.
[0032] The torque control means may e.g. be config-
ured to control the electric motor such that the motor gen-
erates negative torque which decelerates the rotation of
the motor, if the command to shift the speed ratio is a
command to upshift and if the direction of the torque de-
tected by the torque direction determining means is the
positive direction. With this arrangement, since the
torque transmitted between the input shaft and the output
shaft is positively used to disengage the two-way roller
clutch of the current speed ratio, it is possible to more
reliably disengage the two-way roller clutch of the current
speed ratio than when simply reducing the torque gen-
erated from the electric motor to zero in an attempt to
disengage the two-way roller clutch of the current speed
ratio. Moreover, the negative torque generated from the
electric motor serves to decelerate the input shaft, thus
shortening the time until the later-stage synchronization
is completed.
[0033] If the torque control means controls the electric
motor such that the motor generates negative torque, the
synchronization control means may be configured to
maintain the torque generated from the electric motor at
the negative torque until the difference between the ac-
tual rotational speed of  the input shaft and the rotational
speed of the input shaft in the next speed ratio which is
calculated based on the rotational speed of the output
shaft decreases to a predetermined threshold or below,
if the command to shift the speed ratio is a command to
upshift and if the direction of the torque detected by the
torque direction determining means is the positive direc-
tion.
[0034] Also, the torque control means may e.g. be con-
figured to control the electric motor such that the motor
generates positive torque which accelerates the rotation
of the motor, if the command to shift the speed ratio is a
command to upshift and if the direction of the torque de-
tected by the torque direction determining means is the
negative direction. With this arrangement, it is possible
to more reliably disengage the two-way roller clutch of
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the current speed ratio than when simply reducing the
torque generated from the electric motor to zero in an
attempt to disengage the two-way roller clutch of the cur-
rent speed ratio.
[0035] If the torque control means controls the electric
motor such that the motor generates positive torque, the
synchronization control means may be configured to con-
trol the electric motor such that the motor generates neg-
ative torque which decelerates the rotation of the motor,
and maintain the torque generated from the electric motor
at the negative torque until the difference between the
actual rotational speed of the input shaft and the rota-
tional speed of the input shaft in the next speed ratio
which is calculated based on the rotational speed of the
output shaft decreases to a predetermined threshold or
below, if the command to shift the speed ratio is a com-
mand to upshift and if the direction of the torque detected
by the  torque direction determining means is the negative
direction.
[0036] Also, the torque control means may be e.g. con-
figured to control the torque generated from the electric
motor to zero, if the command to shift the speed ratio is
a command to downshift and if the direction of the torque
detected by the torque direction determining means is
the positive direction. With this arrangement, it is possible
to minimize the deceleration of the input shaft when dis-
engaging the two-way roller clutch of the current speed
ratio, and thus to shorten the time until the later-stage
synchronization is completed.
[0037] If the torque control means controls the torque
generated from the electric motor to zero, the synchro-
nization control means may be configured to control the
electric motor such that the motor generates positive
torque which accelerates the rotation of the motor, and
maintain the torque generated from the electric motor at
the positive torque until the difference between the actual
rotational speed of the input shaft and the rotational
speed of the input shaft in the next speed ratio which is
calculated based on the rotational speed of the output
shaft decreases to a predetermined threshold or below,
if the command to shift the speed ratio is a command to
downshift and if the direction of the torque detected by
the torque direction determining means is the positive
direction.
[0038] Also, the torque control means may e.g. be con-
figured to control the electric motor such that the motor
generates positive torque which accelerates the rotation
of the motor, if the command to shift the speed ratio is a
command to downshift and if the direction of the torque
detected by the  torque direction determining means is
the negative direction. With this arrangement, since the
torque transmitted between the input shaft and the output
shaft is positively used in disengaging the two-way roller
clutch of the current speed ratio, it is possible to more
reliably disengage the two-way roller clutch of the current
speed ratio than when simply reducing the torque gen-
erated from the electric motor to zero in an attempt to
disengage this clutch. Also, since the input shaft is ac-

celerated by the positive torque generated from the mo-
tor, it is possible to shorten the time until the later-stage
synchronization is completed.
[0039] If the torque control means controls the electric
motor such that the motor generates positive torque, the
synchronization control means may be configured to
maintain the torque generated from the electric motor at
positive torque until the difference between the actual
rotational speed of the input shaft and the rotational
speed of the input shaft in the next speed ratio which is
calculated based on the rotational speed of the output
shaft decreases to a predetermined threshold or below,
if the command to shift the speed ratio is a command to
downshift and if the direction of the torque detected by
the torque direction determining means is the positive
direction.
[0040] The present invention also provides an electric
vehicle comprising a pair of right and left front wheels
provided at a front portion of the vehicle, a pair of right
and left rear wheels provided at a rear portion of the ve-
hicle, and the above-described motor drive assembly,
which is configured to drive at least one pair of the pairs
of front wheels and rear wheels.
[0041]   The present invention further provide a hybrid
vehicle comprising a pair of right and left front wheels
provided at a front portion of the vehicle, a pair of right
and left rear wheels provided at a rear portion of the ve-
hicle, an engine for driving one pair of the pairs of front
wheels and rear wheels, and the above-described motor
drive assembly, which is configured to drive the other
pair of the pairs of front wheels and rear wheels.

ADVANTAGES OF THE INVENTION

[0042] In the motor drive assembly according to the
present invention, if an attempt is made to move the shift
ring from the current shift position toward the next shift
position with the retainer of the current speed ratio in the
engaged position, the projection interferes with the an-
nular protrusion, thus preventing axial movement of the
shift ring. Thus, it is impossible to move the shift ring to
the next shift position in this state. This reliably prevents
the two-way roller clutch of the current speed ratio and
the two-way roller clutch of the next speed ratio from en-
gaging simultaneously even if the retainer of the current
speed ratio should fail to move from the engaged position
to the neutral position due e.g. to torque transmitted
through the two-way roller clutch of the current speed
ratio, when the shift ring begins to axially move from the
current shift position toward the next shift position.
[0043] Since, in disengaging the two-way roller clutch
of the current speed ratio, the torque generated from the
electric motor is controlled such that the torque transmit-
ted between the input shaft and the output shaft decreas-
es to zero or is reversed in direction, the toque transmitted
between the input shaft and the output shaft does not act
to prevent disengagement  of the two-way roller clutch
of the current speed ratio. This makes it possible to reli-
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ably disengage the two-way roller clutch of the current
speed ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044]

Fig. 1 is a schematic view of an electric vehicle car-
rying a motor drive assembly for a vehicle according
to the present invention.
Fig. 2 is a schematic view of a hybrid vehicle carrying
the motor drive assembly according to the present
invention.
Fig. 3 is sectional view of the motor drive assembly
according to the present invention.
Fig. 4 is an enlarged sectional view of a portion of a
transmission shown in Fig. 3.
Fig. 5 is a sectional view taken along line V-V of Fig.
4.
Fig. 6 is a sectional view taken along line VI-VI of
Fig. 4.
Fig. 7 is a sectional view taken along line VII-VII of
Fig. 4.
Fig. 8 is a sectional view showing a shift mechanism.
Fig. 9 is an enlarged sectional view of a portion of
Fig. 4.
Fig. 10 is a sectional view of an anti-rotation portion
which prevents relative rotation between friction
plates and a shift ring.
Fig. 11 is a sectional view showing a shift position
corresponding to a first speed reduction ratio.
Figs. 12(I) and 12(II) are sectional views of the anti-
rotation portion during acceleration and deceleration
of the vehicle, respectively, with the shift ring at the
position shown in Fig. 11.
Fig. 13 is a sectional view showing a shift position
corresponding to a second speed reduction ratio.
Figs. 14(I) and 14(II) are sectional views of the anti-
rotation portion during acceleration and deceleration
of the vehicle, respectively, with the shift ring at the
position shown in Fig. 13.
Fig. 15 is an exploded perspective view of the shift
mechanism, showing its spacer, friction plates and
shift ring.
Fig. 16 is a block diagram of an electronic control
unit for controlling the motor drive assembly for a
vehicle shown in Fig. 3.
Fig. 17 is a flowchart illustrating the upshifting control
by the electronic control unit shown in Fig. 16.
Fig. 18 shows one typical relationship among the
shift position during upshifting, the motor torque, and
the rotational speeds of the input shaft and the output
shaft.
Fig. 19 shows another typical relationship among the
shift position during upshifting, the motor torque, and
the rotational speeds of the input shaft and the output
shaft.
Fig. 20 shows still another typical relationship among

the shift position during upshifting, the motor torque,
and the rotational speeds of the input shaft and the
output shaft.
Fig. 21 is a flowchart showing the downshifting con-
trol by the electronic control unit shown in Fig. 16.
Fig. 22 shows one typical relationship among the
shift position during downshifting, the motor torque,
and the rotational speeds of the input shaft and the
output shaft.
Fig. 23 shows another typical relationship among the
shift position during downshifting, the motor torque,
and the rotational speeds of the input shaft and the
output shaft.
Fig. 24 shows still another typical relationship among
the shift  position during downshifting, the motor
torque, and the rotational speeds of the input shaft
and the output shaft.

BEST MODE FOR EMBODYING THE INVENTION

[0045] Now referring to the drawings, the embodiment
of this invention is described. Fig. 1 shows an electric
vehicle EV including a motor drive assembly A according
to the present invention, which is configured to drive the
pair of (right and left) front wheels 1. Fig. 2 shows a hybrid
vehicle HV including an engine E configured to drive the
pair of (right and left) front wheels 1 as main drive wheels,
and the motor drive assembly A according to the present
invention, which is configured to drive the pair of (right
and left) rear wheels 2 as auxiliary drive wheels. The
rotation of the engine E is transmitted to the front wheels
1 through a transmission T and a differential D.
[0046] As shown in Fig. 3, the motor drive assembly A
includes an electric motor 10 having an output shaft 11,
a transmission 20 for changing the rotational speed of
the output shaft 11 of the motor 10, and a differential 90
through which the rotation produced from the transmis-
sion 20 is distributed to the pair of (right and left) front
wheels 1 of the electric vehicle EV shown in Fig. 1, or to
the pair of (right and left) rear wheels 2 of the hybrid
vehicle HV shown in Fig. 2.
[0047] The transmission 20 is a constant mesh speed
reducer including an input shaft 21, an output shaft 22,
and first- and second-speed gear trains 23 and 24 pro-
vided between the input and output shafts 21 and 22.
[0048]   The input and output shafts 21 and 22 are
rotatably supported by two opposed pairs of bearings 26,
respectively, so as to extend parallel to each other. The
input shaft 21 is connected to the output shaft 22 of the
electric motor 10.
[0049] The first-speed gear train 23 includes a first-
speed input gear 23a mounted on the input shaft 21, and
a first-speed output gear 23b meshing with the first-speed
input gear 23a and rotatably mounted around the output
shaft 22.
[0050] The second-speed gear train 24 includes a sec-
ond-speed input gear 24a mounted on the input shaft 21,
and a second-speed output gear 24b meshing with the
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second-speed input gear 24a and rotatably mounted
around the output shaft 22. The second-speed gear train
24 is lower in speed reduction ratio than the first-speed
gear train 23.
[0051] As shown in Fig. 4, a first-speed two-way roller
clutch 30A is mounted between the first-speed output
gear 23b and the output shaft 22 for selective transmis-
sion of torque between the fist-speed output gear 23b
and the output shaft 22. A second-speed two-way roller
clutch 30B is mounted between the second-speed output
gear 24b and the output shaft 22 for selective transmis-
sion of torque between the second-speed gear 24b and
the output shaft 22.
[0052] The first- and second-speed two-way roller
clutches 30A and 30B are identical in structure and are
mirror images to each other. Thus, only the second-
speed two-way roller clutch 30B is described below, and
the  first-speed two-way roller clutch 30A is not described.
The elements of the clutch 30A corresponding to those
of the clutch 30B are indicated by identical numerals.
[0053] As shown in Figs. 4 to 6, the second-speed two-
way roller clutch 30B includes an inner ring 31 rotationally
fixed to the output shaft 22 by means of splines 32 and
formed with a plurality of circumferentially arranged flat
cam surfaces 34 of equal circumferential dimensions on
the outer periphery of the inner ring 31. The cam surfaces
34 define, in cooperation with a radially inner cylindrical
surface 33 of the second-speed output gear 24b, wedge-
shaped spaces which narrow toward the respective cir-
cumferential ends thereof. The two-way roller clutch 30B
further includes rollers 35 as engaging elements dis-
posed between the respective cam surfaces 34 and the
cylindrical surface 33, and a retainer 36 mounted be-
tween the second-speed output gear 24b and the inner
ring 31 and retaining the rollers 35. The retainer 36 is
provided around the inner ring 31 so as to be rotatable,
relative to the output shaft 22, between an engaged po-
sition where the rollers 35 engage the cam surfaces 34
and the cylindrical surface 33 and a neutral position
where the roller 35 are not in engagement with the cam
surfaces 34 and the cylindrical surface 33.
[0054] The two-way clutch 30B further includes a
switch spring 38 having a circular portion 38a fitted in a
circular recess 37 formed in one end surface of the inner
ring 31, and a pair of engaging pieces 38b radially out-
wardly extending from the respective ends of the circular
portion 38a and inserted through a cutout 39 formed in
the outer peripheral wall of the inner ring defining the
recess 37 and a cutout 40 formed in the end surface of
the  retainer 36. The engaging pieces 38b thus bias the
respective circumferentially opposed end surfaces of the
cutouts 39 and 40, thereby keeping the retainer 36 in the
neutral position, where the rollers 35 are not in engage-
ment with the cylindrical surface 33 and the cam surfaces
34.
[0055] As shown in Fig. 4, the inner rings 31 mounted
in the first-speed output gear 23b and the second-speed
output gear 24b, respectively, are sandwiched between

a spacer 41 mounted between the inner rings 31 and one
and the other of two stopper rings 44 fitted on the output
shaft 22, respectively, so as to be axially immovable. The
spacer 41 is fixed to both of the inner rings 31 so as to
rotate together with the inner rings 31.
[0056] The inner rings 31 have cylindrical bearing fit-
ting surfaces 42 at their axial end portions facing the re-
spective stopper rings 44. Bearings 43 are fitted on the
bearing fitting surfaces 42, supporting the first-speed out-
put gear 23b and the second-speed output gear 24b so
as to be rotatable relative to the respective inner rings 31.
[0057] Either one of the first-speed two-way roller
clutch 30A and the second-speed two-way roller clutch
30B can be selectively engaged by a shifting actuator 50
shown in Figs. 4 and 7-9.
[0058] The shifting actuator 50 includes a shift ring 51
fitted around the spacer 41, a first-speed friction plate
52a fitted around the spacer 41 on one side of the shift
ring 51, and a second-speed friction plate 52b fitted
around the spacer 41 on the other side of the shift ring
51. The first-speed friction plate 52a is rotationally fixed
to the retainer 36 of the first-speed two-way  roller clutch
30A. The second-speed friction plate 52b is rotationally
fixed to the retainer 36 of the second-speed two-way roll-
er clutch 30B.
[0059] As shown in Fig. 9, the first-speed friction plate
52a is disposed between the shift ring 51 and the first-
speed output gear 23b so as to be axially movable into
and out of contact with the side of the first-speed output
gear 23b. Similarly, the second-speed friction plate 52b
is disposed between the shift ring 51 and the second-
speed output gear 24b so as to be axially movable into
and out of contact with the side of the second-speed out-
put gear 24b. The shift ring 51 is supported so as to be
axially movable between a first-speed shift position SP1f
shown in Fig. 11, where the first-speed friction plate 52a
is pressed against the side of the first-speed output gear
23b by the shift ring 51 and a second-speed shift position
SP2f shown in Fig. 13, where the second-speed friction
plate 52b is pressed against the side of the second-speed
output gear 24b by the shift ring 51.
[0060] As shown in Fig. 11, when the shift ring 51 of
the shifting actuator 50 is moved by a shift mechanism
70 toward the first-speed output gear 23b until the first-
speed friction plate 52a is pressed against and brought
into frictional engagement with the side of the first-speed
output gear 23b, the retainer 36 on the first-speed side
is coupled to the first-speed output gear 23b, so that the
retainer 36 on the first-speed side rotates relative to the
inner ring 31. This brings the rollers 35 on the first-speed
side into engagement with the cylindrical surface 33 and
the cam surfaces 34.
[0061] When, as shown in Fig. 13, the shift ring 51 of
the shifting actuator 50 is moved by the shift mechanism
70 toward the second-speed output gear  24b until the
second-speed friction plate 52b is pressed against and
brought into frictional engagement with the side of the
second-speed output gear 24b, the retainer 36 on the
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second-speed side is coupled to the second-speed out-
put gear 24b, so that the retainer 36 on the second-speed
side rotates relative to the inner ring 31, engaging the
rollers 35 on the second-speed side.
[0062] As shown in Figs. 9 and 15, the first-speed fric-
tion plate 52a and the second-speed friction plate 52b
are formed with a circular arc-shaped groove 53 in which
the end portion of the retainer 36 formed with the cutout
40 is engaged, thereby rotationally fixing the first-speed
friction plate 52a and the second-speed friction plate 52b
relative to the respective retainers 36.
[0063] The first-speed friction plate 52a has a boss por-
tion 54 on its radially inner portion which protrudes toward
the axially opposed second-speed friction plate 52b. A
washer 55 and a separation spring 56 are mounted be-
tween the boss portion 54 and the inner ring 31 on the
first-speed side. The separation spring 56 biases the first-
speed friction plate 52a in the direction away from the
side of the first-speed output gear 23b.
[0064] Similarly, the second-speed friction plate 52b
has a boss portion 54 on its radially inner portion which
protrudes toward the first-speed friction plate 52a, with
a washer 55 and a separation spring 56 mounted be-
tween the boss portion 54 and the inner ring 31 on the
second-speed side such that the separation spring 56
biases the second-speed friction plate 52b in the  direc-
tion away from the side of the second-speed output gear
24b.
[0065] As shown in Figs. 7 and 9, a first anti-rotation
means 57a for preventing rotation of the first-speed fric-
tion plate 52a is provided between the first-speed friction
plate 52a and the output shaft 22. The first anti-rotation
means 57a includes a plurality of anti-rotation protrusions
60a formed on the boss portion 54 of the first-speed fric-
tion plate 52a so as to be engageable in respective cir-
cumferentially spaced apart anti-rotation grooves 59
formed in a circumferentially extending annular protru-
sion 58 formed on the outer periphery of the spacer 41,
which is integral with the output shaft 22.
[0066] As shown in Figs. 9 and 10, while the first-speed
friction plate 52a is apart from the side of the first-speed
output gear 23b, the anti-rotation protrusions 60a are
configured to be engaged in the respective anti-rotation
grooves 59, thereby rotationally fixing the first friction
plate 52a to the output shaft 22 through the spacer 41.
In this state, the retainer 36 on the first-speed side, which
is rotationally fixed to the first-speed friction plate 52a, is
kept in the neutral position. As shown in Figs. 11 and 12,
while the first-speed friction plate 52a is in contact with
the side of the first-speed output gear 23b, the anti-rota-
tion protrusions 60a are disengaged from the anti-rota-
tion grooves 59, so that the first-speed friction plate 52a
is rotatable relative to the output shaft 22.
[0067] A second anti-rotation means 57b for prevent-
ing rotation of the second-speed friction plate 52b is pro-
vided between the second-speed friction plate 52b and
the output shaft 22. Similar to the first anti-rotation  means
57a, the second anti-rotation means 57b includes a plu-

rality of anti-rotation protrusions 60b formed on the boss
portion 54 of the second-speed friction plate 52b and
engageable in the respective anti-rotation grooves 59.
[0068] A third anti-rotation means 61 for preventing ro-
tation of the shift ring 51 is provided between the shift
ring 51 and the output shaft 22. The third anti-rotation
means 61 includes cutouts 62 formed in the annular pro-
trusion 58 on the outer periphery of the spacer 41 and
each having a larger circumferential width than the anti-
rotation grooves 59, and projections 63 formed on the
inner periphery of the shift ring 51.
[0069] As shown in Figs. 9 and 10, the projections 63
and the cutouts 62 are configured such that while the
shift ring 51 is in its neutral position between the first-
speed shift position SP1f and the second-speed shift po-
sition SP2f, the projections 63 are engaged in the respec-
tive cutouts 62. In this state, the inner surfaces of the
cutouts 62 restrict the circumferential movement of the
projections 63, thereby rotationally fixing the shift ring 51
to the output shaft 22 through the spacer 41. Also in this
state, since the retainers 36 on the first- and second-
speed sides are both rotationally fixed to the shift ring 51
through the first- and second-speed friction plates 52a
and 52b, respectively, both retainers 36 are kept in the
neutral position. As shown in Figs. 12 and 14, when the
shift ring 51 is in the first-speed shift position SP1f or the
second-speed shift position SP2f, the projections 63 are
out of the cutouts 62, so that the shift ring 51 is rotatable
relative to the output shaft 22.
[0070]   The cutouts 62 of the annular protrusion 58
axially extend through the annular protrusion 58 and each
have a circumferential width large enough that the pro-
jections 63 can pass therethrough in the axial direction.
Thus, with the projections 63 axially aligned with the re-
spective cutouts 62 of the annular protrusion 58, the pro-
jections 63 can be axially moved through the cutouts 62
such that the shift ring 51 is axially moved between the
first-speed shift position SP1f and the second-speed shift
position SP2f. On the other hand, while the projections
63 are both axially and circumferentially displaced from
the cutouts 62 of the annular protrusion 58, the projec-
tions 63 interfere with the annular protrusion 58, thereby
preventing axial movement of the shift ring 51 between
the first-speed shift position SP1f and the second-speed
shift position SP2f.
[0071] As shown in Figs. 8 and 15, the projections 63
each have bifurcated end portions. The boss portion 54
of the first-speed friction plate 52a has first engaging pro-
trusions 66a at positions corresponding to the positions
of engaging recesses 65 defined between the bifurcated
end portions of the respective projections 63. As shown
in Figs. 11 and 12, while the shift ring 51 is in the first-
speed shift position SP1f, the first engaging protrusions
66a are engaged in the respective engaging recesses
65, thereby preventing rotation of the shift ring 51 relative
to the first-speed friction plate 52a. As shown in Figs. 13
and 14, while the shift ring 51 is in the second-speed shift
position SP2f, the first engaging protrusions 66a are not
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engaged in the engaging recesses 65, so that the shift
ring 51 can rotate relative to the first-speed friction plate
52a.
[0072] Similarly, the boss portion 54 of the second-
speed friction plate 52a  has second engaging protru-
sions 66b at positions corresponding to the positions of
the engaging recesses 65 of the respective projections
63. As shown in Figs. 13 and 14, while the shift ring 51
is in the second-speed shift position SP2f, the second
engaging protrusions 66b are engaged in the respective
engaging recesses 65, thereby preventing rotation of the
shift ring 51 relative to the second-speed friction plate
52b. As shown in Figs. 11 and 12, while the shift ring 51
is in the first-speed shift position SP1f, the second en-
gaging protrusions 66b are not engaged in the engaging
recesses 65, so that the shift ring 51 can rotate relative
to the second-speed friction plate 52b.
[0073] The annular protrusion 58 has tapered surfaces
64 on both axial end surfaces thereof and on both cir-
cumferential sides of the respective cutouts 62. The ta-
pered surfaces 64 are inclined toward the respective cut-
outs 62 at an angle of 5 to 30° relative to the circumfer-
ential direction. When the projections 63 contact respec-
tive tapered surfaces 64, the projections 63 are guided
into the respective cutouts 62 under the circumferential
component force produced at the contact surfaces.
[0074] As shown in Figs. 7 and 8, the shift mechanism
70 includes a shift rod 71 extending parallel to the output
shaft 22 and slidably supported by a pair of slide bearings
72 mounted to a housing 25, a shift fork 73 mounted on
the shift rod 71, and a shift sleeve 75 rotatably but axially
immovably supported by a rolling bearing 74 fitted on the
outer periphery of the shift ring 51. The shift fork 73 has
bifurcated end portions 73a fitted in an annular groove
76 formed in the outer periphery of the shift sleeve 75.
Preload springs 97 are disposed in axial gaps defined
between the  bifurcated end portions 73a and the respec-
tive side walls of the annular groove 76, thereby applying
an axial biasing force to the shift sleeve and the shift fork
73. An actuator 77 can axially move the shift rod 71, there-
by axially moving the shift ring 51 together with the shift
sleeve 75. The force with which the shift ring 51 is pressed
against either of the first-speed friction plate 52a and the
second-speed friction plate 52b is determined by the axial
position of the shift fork 73 relative to the shift sleeve 75.
[0075] The actuator 77 according to the present inven-
tion may be a cylinder or a solenoid connected to the
shift rod 71. But the actuator 77 shown includes a motor
78, and a motion converter mechanism 80 configured to
convert the rotation of the output shaft 79 of the motor to
axial movement of the shift rod 71.
[0076] The motion converter mechanism 80 includes
a drive gear 81 mounted on the output shaft 79 of the
motor 78, and an idler gear 82 in the form of a nut meshing
with the drive gear 81 and rotatably supported by a op-
posed pair of bearings 83. The idler gear 82 has an in-
ternal thread 84 formed on the inner periphery thereof
which meshes with an external thread 85 formed on the

outer periphery of the shift rod 71 at its end portion such
that the rotation of the idler gear 82, which is axially im-
movable, is converted to axial movement of the shift rod
71.
[0077] As shown in Fig. 3, an output gear 86 is mounted
on the output shaft 22 at one end portion thereof through
which the rotation of the output shaft 22 is transmitted to
the differential 90.
[0078]   The differential 90 includes a differential case
92 rotatably supported by the housing 25, a ring gear 91
mounted to the differential case 92 and meshing with the
output gear 86, a pinion shaft 93 having both end portions
thereof rotatably supported by the differential case 92, a
pair of pinions 94 mounted on the pinion shaft 93, and a
pair of side gears 95 meshing with the respective pinions
94. Axles 96 have their end portions connected to the
respective side gears 95.
[0079] An electronic control unit 100 shown in Fig. 16
produces a control signal for controlling the torque pro-
duced from the electric motor 10. The electric control unit
100 receives a signal indicative of the rotational speed
of the input shaft 21 from an input shaft rotational sensor
101, a signal indicative of the rotational speed of the out-
put shaft 22 from an output shaft rotational sensor 102,
and a signal indicative of the position of the shift fork 73
from a shift position sensor 103. The shift position sensor
103 may be a potentiometer connected to the shift rod
71. The electronic control unit 100 also produces a control
signal for controlling the rotation of the motor 78.
[0080] Now the operation of the motor drive assembly
A embodying the present invention is described. Fig. 4
shows the state in which the friction plates 52a and 52b
are both kept apart from the first-speed output gear 23b
and the second-speed output gear 24b, respectively.
Thus, the first-speed two-way roller clutch 30A, mounted
in the first-speed output gear 23b, and the second-speed
two-way roller clutch 30B, mounted in the second-speed
output gear 24b, are both disengaged, as shown in Fig. 5.
[0081]   In this state, when the input shaft 21 is rotated
by the electric motor 10, shown in Fig. 3, its rotation is
transmitted only up to the first- and second-speed output
gears 23b and 24b through the respective first- and sec-
ond speed input gears 23a and 24a, which mesh with
the respective gears 23b and 24b, and thus the rotation
of the input shaft 21 is not transmitted to the output shaft
22, with the first-speed output gear 23b and the second-
speed output gear 24b idling.
[0082] While the first-speed output gear 23b and the
second-speed output gear 24b are idling, the respective
gears 23b and 24b apply drag torque to the rollers 35 of
the respective two-way roller clutches 30A and 30B due
to contact with the cylindrical surfaces 33 of the respec-
tive gears 23b and 24b, thereby tending to rotate the
respective retainers 36 from their neutral position.
[0083] But in this state, since the anti-rotation protru-
sions 60a and 60b are both engaged in the anti-rotation
grooves 59, and thus the friction plates 52a and 52b,
which are rotationally fixed to respective retainers 36, are
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both rotationally fixed to the spacer 41, which is in turn
fixed to the inner ring 31, drag torque that acts on the
rollers 35 can rotate neither of the retainers 36 relative
to the inner ring 31, and thus can erroneously engage
neither of the first- and second-speed two-way roller
clutches 30A and 30B.
[0084] While the electric motor 10 is being driven with
the first-speed output gear 23b and the second-speed
output gear 24b idling, when the motor 78, shown in Fig.
8 is driven to move the shift rod 71 leftwardly in Fig. 8,
the shift sleeve 75 and the shift ring 51 are moved left-
wardly by the shift  fork 73. The fist-speed friction plate
52a is thus pressed against the side of the first-speed
output gear 23b by the shift ring 51, as shown in Fig. 11.
[0085] When the first-speed friction plate 52a is moved
to the position shown in Fig. 11, in which the first-speed
friction plate 52a is brought into frictional engagement
with the side of the first-speed output gear 23b, thus cou-
pling the retainer 36 to the first-speed output gear 23b,
while the anti-rotation protrusions 60a disengage from
the anti-rotation grooves 59.
[0086] In this state, i.e. while the shift ring 51 is in the
first-speed shift position SP1f, the first-speed friction
plate 52a rotates relative to the output shaft 22 due to
frictional force between the side of the first-speed output
gear 23b and the surface of the first-speed friction plate
52b in contact with the side of the gear 23b until the re-
tainer 36 on the first-speed side, which is rotationally fixed
to the first-speed friction plate 52a, is moved from the
neutral position to the engaged position, where the rollers
35 on the first-speed side are wedged into the narrow
portions of the wedge spaces defined between the cylin-
drical surface 33 and the cam surfaces 34, thus engaging
the first-speed two-way roller clutch 30A.
[0087] The rotation of the first-speed output gear 23b
is thus quickly transmitted to the output shaft 22 through
the first-speed two-way roller clutch 30A. The rotation of
the output shaft 22 is transmitted to the axles 96 through
the differential 90.
[0088] As a result, if this drive assembly A is used in
the electric vehicle EV shown in Fig. 1, the drive assembly
A drives the vehicle by driving its front  wheels 1. If the
drive assembly A is used in the hydraulic vehicle HV
shown in Fig. 2, the drive assembly A drives its rear
wheels 2, assisting the driving force from the engine,
which drives the front wheels 1.
[0089] With the first-speed friction plate 52a in frictional
engagement with the first-speed output gear 23b, which
is formed with the cylindrical surface 33, when the first-
speed two-way clutch 30A engages due to the application
of torque or due to hard acceleration of the vehicle, the
projections 63 are adapted to axially face some of the
tapered surfaces 64 formed on the annular protrusion 58
as shown in Fig. 12(I), and when the clutch 30A engages
when torque is removed or due to hard deceleration of
the vehicle, the projections 63 are adapted to axially face
other of the tapered surfaces 64 as shown in Fig. 12(II).
[0090] During hard acceleration or deceleration of the

vehicle with the first-speed two-way roller clutch 30A en-
gaged, the inertia due to hard acceleration or decelera-
tion tends to wedge the rollers 35 of the second-speed
two-way roller clutch 30B into the wedge-shaped spaces.
But in this state, since the anti-rotation protrusions 60b
are engaged in the anti-rotation grooves 59, the second-
speed friction plate 52b is rotationally fixed to the spacer
41, which is in turn fixed to the inner ring 31, so that the
inner ring 31 of the second-speed two-way roller clutch
30B cannot rotate relative to the retainer 36 of the clutch
30B, and the second-speed two-way roller clutch 30B
remains disengaged.
[0091] While the shift ring 51 is in the first-speed shift
position SP1f (Fig. 11), since the engaging protrusions
66a of the first-speed friction plate 52a  are engaged in
the engaging recesses 65, thereby restricting rotation of
the shift ring 51 relative to the first-speed friction plate
52a, the shift ring 51 is rotationally fixed to the retainer
36 on the first-speed side through the first-speed friction
plate 52a. When, in this state, the retainer 36 on the first-
speed side moves from the neutral position to the en-
gaged position, the shift ring 51 rotates together with the
retainer 36 on the first-speed side to a position where the
projections 63 are circumferentially displaced from the
cutouts 62 of the annular protrusion 58. Thus, in this state,
i.e. the state in which the retainer 36 on the first-speed
side is in the engaged position, it is impossible to axially
move the shift ring 51 from the first-speed shift position
SP1f to the second-speed shift position SP2f because
any such attempt causes the projections 63 to interfere
with the annular protrusion 58.
[0092] When the shift ring 51 begins to move axially
from the first-speed shift position SP1f, shown in Fig. 11,
toward the second-speed shift position SP2f, shown in
Fig. 13, by actuating the shift mechanism 70, the first-
speed two-way roller clutch 30A disengages and the sec-
ond-speed two-way roller clutch 30B engages, in the fol-
lowing manner.
[0093] When the shift mechanism 70 is actuated and
the shift fork 73 begins to move from the first-speed side
toward the second-speed side, the biasing force of the
preload spring 97 on the first-speed side decreases,
which in turn reduces the force with which the first-speed
friction plate 52a is pressed against the first-speed output
gear 23a by the shift ring 51, as well as the friction ther-
ebetween. This causes the retainer 36 on the first-speed
side to be moved to the neutral position under the biasing
force  of the switch spring 38, thus disengaging the first-
speed two-way roller clutch 30A.
[0094] When the shift ring 51 begins to axially move
from the first-speed shift position SP1f toward the sec-
ond-speed shift position SP2f, if the retainer 36 on the
first-speed side should fail to move from the engaged
position to the neutral position due e.g. to torque trans-
mitted through the first-speed two-way roller clutch 30A,
and if the shift ring 51 should axially move to the second-
speed shift position SP2f with the retainer 36 on the first-
speed side kept in the engaged position, the first-speed
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two-way roller clutch 30A and the second-speed two-way
roller clutch 30B could engage simultaneously. But in the
motor drive assembly A according to the present inven-
tion, since the projections 63 and the cutouts 62 of the
annular protrusion 58 are positioned such that if the re-
tainer 36 on the first-speed side should fail to move from
the engaged position to the neutral position, the projec-
tions 63 are kept circumferentially displaced from the cut-
outs 62 and thus interfere with the annular protrusion 58.
This prevents the shift ring 51 from moving axially from
the first-speed shift position SP1 to the second-speed
shift position while the retainer on the first-speed side is
in the engaged position, and thus prevents the first-speed
two-way roller clutch 30A and the second-speed two-way
roller clutch 30B from engaging simultaneously.
[0095] On the other hand, if the retainer 36 on the first-
speed side moves smoothly from the engaged position
to the neutral position simultaneously when the shift ring
51 begins to move axially from the first-speed shift posi-
tion SP1f toward the second-speed shift position SP2f,
the shift ring 51  and the first-speed friction plate 52a can
rotate together with the retainer 36 on the first-speed side
until the projections 63 are axially aligned with the re-
spective cutouts 62 because the first-speed friction plate
52a is rotationally fixed to the retainer 36. This allows the
projections 63 to pass through the cutouts 62 and thus
the shift ring 51 to axially move between the first-speed
shift position SP1f and the second-speed shift position
SP2f.
[0096] When the shift ring 51 reaches the second-
speed shift position SP2f as shown in Fig. 13, the second-
speed friction plate 52b contacts the side of the second-
speed output gear 24b, so that the second-speed friction
plate 52b rotates relative to the output shaft 22 due to
the frictional force between the contact surfaces of the
friction plate 52b and the output gear 24b. This moves
the retainer 36 on the second speed side from the neutral
position to the engaged position, thus engaging the sec-
ond-speed two-way roller clutch 30B. In this state, the
rotation of the second-speed output gear 24b is trans-
mitted to the output gear 22 through the second-speed
two-way roller clutch 30B, and the rotation of the output
shaft 22 is transmitted to the axles 96 through the differ-
ential 90.
[0097] By axially moving the shift ring 51 from the sec-
ond-speed shift position SP2f to the first-speed shift po-
sition SP1f, it is possible to disengage the second-speed
two-way roller clutch 30B and engage the first-speed two-
way roller clutch 30A in the similar manner as described
above.
[0098] If torque is being transmitted through the first-
speed two-way roller clutch 30A when an attempt is made
to disengage the first-speed two-way  roller clutch 30A,
this torque makes it difficult to disengage the clutch 30A
because this torque acts to push the rollers 35 into narrow
portions of the wedge-shaped spaces defined between
the cylindrical surface 33 and the respective cam surfac-
es 34. Thus, when the shift mechanism 70 is actuated

and the shift ring 51 begins to axially move from the first-
speed shift position SP1f toward the second-speed shift
position SP2f, the first-speed two-way roller clutch 30A
could remain engaged even after the first-speed friction
plate 52a has been separated from the side of the first-
speed output gear 23b.
[0099] Thus, in order to reliably disengage the first-
speed two-way roller clutch 30A, it is necessary not only
to separate the first-speed friction plate 52a from the side
of the first-speed output gear 23b by actuating the shift
mechanism 70, but also to change the torque transmitted
between the input shaft 21 and the output shaft 22 by
controlling the torque generated from the electric motor
10. Similar control is also necessary to reliably disengage
the second-speed two-way roller clutch 30B.
[0100] The electric control unit (ECU) 100 controls the
shifting actuator 50, and the torque generated from the
electric motor 10 in the manner as shown in Figs. 17 and
21 so as to reliably disengage the first-speed two-way
roller clutch 30A and the second-speed two-way roller
clutch 30B, whenever desired.
[0101] Figs. 17 to 20 show this control during upshift-
ing.
[0102] When the ECU receives a command to upshift,
i.e. a command to  disengage the first-speed two-way
roller clutch 30A and engage the second-speed two-way
roller clutch 30B, the ECU calculates the rotational speed
Ngi of the input shaft 21, the rotational speed Ngo of the
output shaft 22 and the position SP of the shift ring 51
based on the signals from the input shaft rotational sensor
101, the output shaft rotational sensor 102, and the shift
position sensor 103 (Step S1).
[0103] Then, the ECU actuates the shifting actuator 50
such that the shift ring 51 begins to move from the first-
speed shift position SP1f toward the second-speed shift
position SP2f during the period from time 0 to t1 show in
Figs. 18 to 20 (Step S2). While the shift ring 51 is moving
from the first-speed shift position SP1f toward the sec-
ond-speed shift position SP2f, if torque is being transmit-
ted between the input shaft 21 and the output shaft 22
that tends to accelerate the output shaft 22 from the input
shaft 21 (such torque is hereinafter referred to as "torque
in the positive direction"), this torque acts to wedge the
rollers 35 into narrow portions of the wedge-shaped spac-
es defined between the cylindrical surface 33 and the
respective cam surfaces 34, thereby keeping the first-
speed two-way roller clutch 30A engaged even after the
friction between the first-speed friction plate 52a and the
first-speed output gear 23b disappears.
[0104] After Step S2, while the shift ring 51 is moving
from the first-speed shift position SP1f toward the sec-
ond-speed shift position SP2f, the ECU determines
whether or not the current shift position SP has reached
a predetermined first-speed side torque control starting
position SP1t (Step S3). The first-speed side torque con-
trol starting position SP1t is a position where the first-
speed friction plate 52a is in contact with the side of the
first-speed output gear 23b but the frictional force there-
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between is smaller than the biasing force of the switch
spring 38, such as the position corresponding to the po-
sition of the shift ring 51 where the projections 63 interfere
with the annular protrusion 58 when the shift ring 51 is
moved axially from the first-speed shift position SP1f to-
ward the second-speed shift position SP2f with the re-
tainer 36 on the first-speed side in the engaged position.
[0105] When the ECU determines that the shift ring 51
has reached the first-speed side torque control starting
position SP1t (time t1 in Figs. 18 to 20), the ECU controls
the torque T generated from the electric motor 10 such
that the torque transmitted between the input shaft 21
and the output shaft 22 disappears or the torque direction
is reversed (Steps S4 to S8).
[0106] Specifically, the ECU determines whether the
torque T1 is transmitted between the input shaft 21 and
the output shaft 22 in the positive direction or negative
direction (Step S4), based e.g. on the output current of
an inverter for driving the electric motor 10 on the as-
sumption that the driving torque T of the electric motor
10 is the torque transmitted between the input shaft 21
and the output shaft 22. Alternatively, a torque meter
mounted in the transmission 20 may be used to deter-
mine the direction of the torque T1.
[0107] If the ECU determines that the torque T1 being
transmitted between the input shaft 21 and the output
shaft 22 is in the negative direction (which means that
torque is being applied to the output shaft 22 from the
output side of the motor drive assembly A that tends to
accelerates  the output shaft 22, and this torque is being
transmitted from the output shaft 22 to the input shaft
21), the ECU controls the electric motor 10 so that the
motor 10 generates positive torque T4 which cancels the
torque transmitted from the output shaft 22 to the input
shaft 21 such that no toque is transmitted between the
input shaft 21 and the output shaft 22 at time t1 as shown
in Fig. 20 (Step S5). Since no torque is being transmitted
between the input shaft 21 and the output shaft 22, the
retainer 36 is rotated to the neutral position under the
biasing force of the switch spring 38, and the first-speed
two-way roller clutch 30A disengages. As used herein,
"no torque" is not limited to strictly no torque but may
encompass sufficiently small torque that does not pre-
vent the two-way roller clutch 30A from being disengaged
under the biasing force of the switch spring 38.
[0108] If the direction of the torque T1 being transmit-
ted between the input shaft 21 and the output shaft 22 is
in the negative direction, the ECU controls the shifting
actuator 50 to temporarily stop the shift ring 51 at the
first-speed side torque control starting position SP1t at
time t1 as shown in Fig. 20, and then after a period of
time dt1 has passed which is sufficient for the first-speed
two-way roller clutch 30A to be disengaged, the ECU
controls the actuator 50 such that the shift ring 51 again
begins to move toward the second-speed shift position
SP2f (Steps S5 to S7). As soon as the shift ring 51 begins
to move again, the ECU decelerates the electric motor
10, i.e. controls the motor 10 such that the motor 10 gen-

erates negative torque T2 (Step S8) to change the rota-
tional speed Ngi of the input shaft 21 to Ngo x r2, where
Ngo is the rotational speed of the output shaft 22 and r2
is the second speed ratio, thereby synchronizing the ro-
tational speed of the input shaft 21 to the rotational speed
of the output shaft 22 corresponding  to the second speed
ratio r2.
[0109] If the torque T1 being transmitted between the
input shaft 21 and the output shaft 22 is in the positive
direction, negative torque T2 is generated from the elec-
tric motor 10 to reverse the torque direction transmitted
between the input shaft 21 and the output shaft 22 at time
t1 as shown in Fig. 18 (Step S8). The thus reversed torque
acts to allow the rollers 35 to come out of the narrow
portions of the wedge-shaped spaces defined between
the cylindrical surface 33 and the respective cam surfac-
es 34, thereby disengaging the first-speed two-way roller
clutch 30A. The negative torque T2 generated from the
electric motor 10 also serves to change the rotational
speed of the input shaft 21 so as to be synchronized with
the rotational speed of the output shaft 22 corresponding
to the second-speed ratio r2.
[0110] If the torque T1 being transmitted between the
input shaft 11 and the output shaft 22 is in the positive
direction, the ECU controls the shifting actuator 50 so as
to keep moving the shift ring 51 toward the second-speed
shift position SP2f without temporarily stopping the shift
ring 51 at the first-speed side torque control starting po-
sition SP1t at time t1 as shown in Fig. 18. The negative
torque T2 generated from the electric motor 10 is deter-
mined such that the synchronization of the rotation of the
input shaft with that of the output shaft is completed sub-
stantially simultaneously when the shift ring 51 reaches
a second-speed side standby position SP2n. The sec-
ond-speed side standby position SP2n is a position
where the second-speed friction plate 52b is not in con-
tact with but sufficiently close to the second-speed output
gear 24b, or a position where  the second-speed friction
plate 52b is in contact with the second-speed output gear
24b such that the frictional force between their contact
surfaces is smaller than the biasing force of the switch
spring 38.
[0111] After the synchronizing operation has begun
(Step S8), the ECU waits for a period dt3 which is con-
sidered to be a period by the end of which there appears
a significant difference between the actual rotational
speed Ngi of the input shaft 21 and the rotational speed
Ngo x r1 of the input shaft 21 in the first-speed ratio, which
is calculated based on the rotational speed Ngo of the
output shaft 22 (Step S9), and then the ECU compares
the actual rotational speed Ngi of the input shaft 21 with
the rotational speed Ngo x r1 of the input shaft 21 in the
first-speed ratio (Step S10).
[0112] If no difference is detectable between the above
two values in Step S10, this indicates that the first-speed
two-way roller clutch 30A has not yet disengaged. Thus,
the ECU aborts the synchronizing operation (in Step
S11), and controls the shifting actuator 50 so as to return
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the shift ring 51 to the first-speed shift position SP1f and
then resume the upshifting operation (Steps S12 to S14)
from the beginning.
[0113] If a difference is detected between the above
two values in Step S10, this indicates that the first-speed
two-way roller clutch 30A has successfully disengaged.
Thus, the ECU continues the synchronizing operation.
After Step S10, the ECU controls the device in different
manners depending on whether the shift ring 51 has
reached the second-speed side standby position SP2n
before or after the synchronizing operation has complet-
ed. Whether or not the synchronizing operation has com-
pleted is  determined based on whether or not the differ-
ence between the actual rotational speed Ngi of the input
shaft 21 and the rotational speed Ngo x r2 of the input
shaft 21 in the second speed ratio, which is calculated
based on the rotational speed Ngo of the output shaft 22,
has decreased to or below a predetermined threshold
DN2.
[0114] If the synchronizing operation ends (at time t2
shown in Fig. 18) before the shift ring 51 reaches the
second-speed side standby position SP2n (at time t3 in
Fig. 18) (Steps S15 and S16), the ECU controls the shift-
ing actuator 50 such that, as shown in Fig. 18, the shift
ring 51 keeps moving toward the second-speed shift po-
sition SP2f without stopping at the second-speed side
standby position SP2n (Steps S17 to S19). At this time,
the electric motor 10 is controlled to stop generating
torque as soon as the synchronizing operation ends
(Step S17).
[0115] If the synchronizing operation ends (at time t2
shown in Fig. 19) after the shift ring 51 reached the sec-
ond-speed standby position SP2n (at time t3 shown in
Fig. 19) (Steps S16 and S22), the shift ring 51 is tempo-
rarily stopped at the second-speed side standby position
SP2n (Step S23) until the synchronizing operation ends
(Step S24). As soon as the synchronizing operation ends,
the ECU controls the shifting actuator 50 so as to again
move the shift ring 51 toward the second-speed shift po-
sition SP2f (Steps S25 to S27). At this time too, the elec-
tric motor 10 is controlled to stop generating torque as
soon as the synchronizing operation stops (Step S25).
[0116] If the synchronizing operation ends simultane-
ously when the shift  ring 51 reaches the second-speed
side standby position SP2n, or if the shift ring 51 reaches
the second-speed side standby position SP2n and the
synchronizing operation ends during the above-de-
scribed period dt3 (Steps S16 and S22), the ECU controls
the shifting actuator 50 such that the shift ring 51 keeps
moving toward the second-speed shift position SP2f with-
out stopping at the second-speed side standby position
SP2n (Steps S17 to S19).
[0117] When the shift ring 51 reaches the second-
speed shift position SP2f at time t4 shown in any of Figs.
18 to 20, the ECU deactivates the shifting actuator 50 to
stop the shift ring 51 (Step S20), and then controls the
electric motor 10 such that the motor 10 generates torque
T3 corresponding to the degree of opening of the accel-

erator (Step S21). The ECU controls the motor 10 such
that the motor 10 generates the torque T3 after a period
dt2 has passed after the shift ring 51 reached the second-
speed shift position SP2f, the period dt2 being a period
by the end of which the second-speed two-way roller
clutch 30B is supposed to engage as a result of contact
of the second-speed friction plate 52b with the side of
the second-speed output gear 24b (at time t5 shown in
Figs. 18 to 20). By generating the torque T3 from the
motor 10 after the period dt2 has passed, it is possible
to minimize the difference in rotational speed between
the cam surfaces 34 and the cylindrical surface 33 of the
second-speed two-way roller clutch 30B when the rollers
35 engage therebetween, thereby minimizing the shock
when the rollers 35 engage.
[0118] If the difference in rotational speed between the
cam surfaces 34 and the cylindrical surface 33 is ex-
tremely small when the shift ring 51 has reached the sec-
ond-speed shift position SP2f, the second-speed two-
way  roller clutch 30B may not engage completely by the
end of the period dt2. But in such a case, as soon as the
electric motor 10 generates torque corresponding to the
degree of opening of the accelerator at the end of the
period dt2, the second-speed two-way roller clutch 30B
engages completely due to a sufficient difference in ro-
tational speed created between the cam surfaces 34 and
the cylindrical surface 33.
[0119] When upshifting by disengaging the first-speed
two-way roller clutch 30A, the torque transmitted be-
tween the input shaft 21 and the output shaft 22 is re-
duced to zero or reversed in direction in the above-de-
scribed manner. Thus, the torque transmitted between
the input shaft 21 and the output shaft 22 does not act
to prevent disengagement of the first-speed two-way roll-
er clutch 30A, so that it is possible to reliably disengage
the first-speed two-way roller clutch 30A.
[0120] Torque is not being transmitted between the in-
put and output shafts during the period from time t1 to
time t5 in any of Figs. 18 to 20. But torque is being trans-
mitted between the input shaft 21 and the output shaft
22 during the period from the time when the shift ring 51
begins to move (time 0) until the shift ring 51 reaches the
torque control starting position SP1t (time t1). Thus, with
this arrangement, the period during which no torque is
being transmitted between the input shaft and the output
shaft is shorter than when the torque of the electric motor
10 is controlled so that the torque transmitted between
the input shaft 21 and the output shaft 22 decreases to
zero as soon as the shift ring 51 begins to move.
[0121] According to the present invention, in order to
disengage the  first-speed two-way roller clutch 30A while
torque is being transmitted between the input shaft 21
and the output shaft 22 in the positive direction, the ECU
controls the electric motor 10 such that the motor 10 gen-
erates negative torque, and thus positively uses the
torque transmitted between the input shaft 21 and the
output shaft 22 corresponding to the negative torque gen-
erated from the motor 10 in disengaging the first-speed
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two-way roller clutch 30A. With this arrangement, it is
possible to more reliably disengage the first-speed two-
way roller clutch 30A than when simply reducing the
torque generated from the electric motor 10 to zero in an
attempt to disengage the first-speed two-way roller clutch
30A. Moreover, the negative torque generated from the
electric motor 10 serves to decelerate the input shaft 21,
thus shortening the time until the later-stage synchroni-
zation is completed.
[0122] Also according to the present invention, in order
to disengage the first-speed two-way roller clutch 30A
while torque is being transmitted between the input shaft
21 and the output shaft 22 in the negative direction, the
ECU controls the electric motor 10 such that the motor
10 generates positive torque which can reduce the torque
transmitted between the input shaft 21 and the output
shaft 22 to zero. With this arrangement, it is possible to
disengage the first-speed two-way roller clutch 30A more
reliably than when the torque from the electric motor 10
is reduced zero in an attempt to disengage the clutch 30A.
[0123] Figs. 21 to 24 show the downshifting control.
[0124] When the ECU receives a command to down-
shift, i.e. a command to  disengage the second-speed
two-way roller clutch 30B and engage the first-speed two-
way roller clutch 30A, the ECU calculates the rotational
speed Ngi of the input shaft 21, the rotational speed Ngo
of the output shaft 22 and the position SP of the shift fork
73 based on the signals from the input shaft rotational
sensor 101, the output shaft rotational sensor 102, and
the shift position sensor 103 (Step S31).
[0125] Then, the ECU actuates the shifting actuator 50
such that the shift ring 51 begins to move from the sec-
ond-speed shift position SP2f toward the first-speed shift
position SP1f during the period from time 0 to t1 show in
Figs. 21 to 24 (Step S32). While the shift ring 51 is moving
from the second-speed shift position SP2f toward the
first-speed shift position SP1f, if torque is being transmit-
ted between the input shaft 21 and the output shaft 22 in
the positive direction, this torque acts to wedge the rollers
35 into narrow portions of the wedge-shaped spaces de-
fined between the cylindrical surface 33 and the respec-
tive cam surfaces 34, thereby keeping the second-speed
two-way roller clutch 30B engaged even after the friction
between the second-speed friction plate 52b and the sec-
ond-speed output gear 24b disappears.
[0126] After Step S32, while the shift ring 51 is moving
from the second-speed shift position SP2f toward the
first-speed shift position SP1f, the ECU determines
whether or not the current shift position SP has reached
a predetermined second-speed side torque control start-
ing position SP2t (Step S33). The second-speed side
torque control starting position SP2t is a position where
the second-speed friction plate 52b is in contact with the
side of the second-speed output gear 24b but the fric-
tional force  therebetween is smaller than the biasing
force of the switch spring 38, such as the position corre-
sponding to the position of the shift ring 51 where the
projections 63 interfere with the annular protrusion 58

when the shift ring 51 is moved axially from the second-
speed shift position SP2f toward the first-speed shift po-
sition SP1f with the retainer 36 on the second-speed side
in the engaged position.
[0127] When the ECU determines that the shift ring 51
has reached the second-speed side torque control start-
ing position SP2t (time t1 in Figs. 21 to 24), the ECU
controls the torque generated from the electric motor 10
such that the torque transmitted between the input shaft
21 and the output shaft 22 disappears or the torque di-
rection is reversed (Steps S34 to S37).
[0128] Specifically, the ECU determines whether the
torque T1 is transmitted between the input shaft 21 and
the output shaft 22 in the positive direction or negative
direction (Step S34)
[0129] If the ECU determines that the torque T1 being
transmitted between the input shaft 21 and the output
shaft 22 is in the positive direction, the ECU controls the
electric motor 10 so that the motor 10 generates no torque
in order to reduce the torque transmitted between the
input shaft 21 and the output shaft 22 at time t1 as shown
in Figs. 22 and 23 (Step S35). Since no torque is being
transmitted between the input shaft 21 and the output
shaft 22, the retainer 36 rotates to the neutral position
under the biasing force of the switch spring 38, and the
second-speed two-way roller clutch 30B disengages.
[0130]   If the direction of the torque T1 being transmit-
ted between the input shaft 21 and the output shaft 22 is
in the positive direction, the ECU control the shifting ac-
tuator 50 to temporarily stop the shift ring 51 at the sec-
ond-speed side torque control starting position SP2t at
time t1 as shown in Figs. 22 and 23, and then after a
period of time dt1 has passed which is sufficient for the
second-speed two-way roller clutch 30B to be disen-
gaged, the ECU controls the actuator 50 such that the
shift ring 51 again begins to move toward the first-speed
shift position SP1f (Steps S35 to S37). As soon as the
shift ring 51 begins to move again, the ECU controls the
electric motor 10 such that the motor 10 generates pos-
itive torque T2 (Step S37) to change the rotational speed
Ngi of the input shaft 21 to Ngo x r1, where Ngo is the
rotational speed of the output shaft 22 and r1 is the first
speed ratio, thereby synchronizing the rotational speed
of the input shaft 21 to the rotational speed of the output
shaft 22 corresponding to the first speed ratio r1.
[0131] If the torque T1 being transmitted between the
input shaft 21 and the output shaft 22 is in the negative
direction, positive torque T2 is generated from the electric
motor 10 to reverse the torque direction transmitted be-
tween the input shaft 21 and the output shaft 22 at time
t1 as shown in Fig. 24 (Step S37). The thus reversed
torque acts to allow the rollers 35 to come out of the
narrow portions of the wedge-shaped spaces defined be-
tween the cylindrical surface 33 and the respective cam
surfaces 34, thereby disengaging the second-speed two-
way roller clutch 30B. The positive torque T2 generated
from the electric motor 10 also serves to change the ro-
tational speed of the input shaft 21 so as to be synchro-
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nized with the rotational speed of the output shaft 22 cor-
responding to the  first-speed ratio r1.
[0132] If the torque T1 being transmitted between the
input shaft 11 and the output shaft 22 is in the negative
direction, the ECU controls the shifting actuator 50 so as
to keep moving the shift ring 51 toward the first-speed
shift position SP1f without temporarily stopping the shift
ring 51 at the second-speed side torque control starting
position SP2t at time t1 as shown in Fig. 24. The positive
torque T2 generated from the electric motor 10 is deter-
mined such that the synchronization of the rotation of the
input shaft with that of the output shaft is completed sub-
stantially simultaneously when the shift ring 51 reaches
a first-speed side standby position SP1n. The first-speed
side standby position SP1n is a position where the first-
speed friction plate 52a is not in contact with but suffi-
ciently close to the first-speed output gear 23b, or a po-
sition where the first-speed friction plate 52a is in contact
with the first-speed output gear 23b such that the frictional
force between their contact surfaces is smaller than the
biasing force of the switch spring 38.
[0133] After the synchronizing operation has begun
(Step S37), the ECU waits for a period dt3 which is con-
sidered to be a period by the end of which there appears
a significant difference between the actual rotational
speed Ngi of the input shaft 21 and the rotational speed
Ngo x r2 of the input shaft 21 in the second-speed ratio,
which is calculated based on the rotational speed Ngo
of the output shaft 22 (Step S38), and then the ECU com-
pares the actual rotational speed Ngi of the input shaft
21 with the rotational speed Ngo x r2 of the input shaft
21 in the second-speed ratio (Step S39).
[0134] If no difference is detectable between the above
two values in Step S39, this indicates that the second-
speed two-way roller clutch 30B has not yet disengaged.
Thus, the ECU aborts the synchronizing operation (in
Step S40), and controls the shifting actuator 50 so as to
return the shift ring 51 to the second-speed shift position
SP2f and then resume the downshifting operation (Steps
S41 to S43) from the beginning.
[0135] If a difference is detected between the above
two values in Step S39, this indicates that the second-
speed two-way roller clutch 30B has successfully disen-
gaged. Thus, the ECU continues the synchronizing op-
eration. After Step S39, the ECU controls the device in
different manners depending on whether the shift ring 51
has reached the first-speed side standby position SP1n
before or after the synchronizing operation has complet-
ed. Whether or not the synchronizing operation has com-
pleted is determined based on whether or not the differ-
ence between the actual rotational speed Ngi of the input
shaft 21 and the rotational speed Ngo x r1 of the input
shaft 21 in the first speed ratio, which is calculated based
on the rotational speed Ngo of the output shaft 22, has
decreased to or below a predetermined threshold DN1.
[0136] If the synchronizing operation ends (at time t3
shown in Fig. 22) before the shift ring 51 reaches the
first-speed side standby position SP1n (at time t4 in Fig.

22) (Steps S44 and S45), the ECU controls the shifting
actuator 50 such that, as shown in Fig. 22, the shift ring
51 keeps moving toward the first-speed shift position
SP1f without stopping at the first-speed side standby po-
sition SP1n (Steps S46 to S48). At this time, the  electric
motor 10 is controlled to stop generating torque as soon
as the synchronizing operation ends (Step S46).
[0137] If the synchronizing operation ends (at time t3
shown in Fig. 23) after the shift ring 51 reached the first-
speed standby position SP1n (at time t4 shown in Fig.
23) (Steps S46 and S51), the shift ring 51 is temporarily
stopped at the first-speed side standby position SP1n
(Step S52) until the synchronizing operation ends (Step
S53). As soon as the synchronizing operation ends, the
ECU controls the shifting actuator 50 so as to again move
the shift ring 51 toward the first-speed shift position SP1f
(Steps S54 to S56). At this time too, the electric motor
10 is controlled to stop generating torque as soon as the
synchronizing operation stops (Step S54).
[0138] If the synchronizing operation ends simultane-
ously when the shift ring 51 reaches the first-speed side
standby position SP1n, or if the shift ring 51 reaches the
first-speed side standby position SP1n and the synchro-
nizing operation ends during the above-described period
dt3 (Steps S45 and S51), the ECU controls the shifting
actuator 50 such that the shift ring 51 keeps moving to-
ward the first-speed shift position SP1f without stopping
at the first-speed side standby position SP1n (Steps S46
to S48).
[0139] When the shift ring 51 reaches the first-speed
shift position SP1f at time t5 shown in any of Figs. 22 to
24, the ECU deactivates the shifting actuator 50 to stop
the shift ring 51 (Step S49), and then controls the electric
motor 10 such that the motor 10 generates torque T3
corresponding to the degree of opening of the accelerator
(Step S50). The ECU controls the  motor 10 such that
the motor 10 generates the torque T3 after a period dt2
has passed after the shift ring 51 reached the first-speed
shift position SP1f, the period dt2 being a period by the
end of which the first-speed two-way roller clutch 30A is
supposed to engage as a result of contact of the first-
speed friction plate 52a with the side of the first-speed
output gear 23b (at time t6 shown in Figs. 22 to 24). By
generating the torque T3 from the motor 10 after the pe-
riod dt2 has passed, it is possible to minimize the differ-
ence in rotational speed between the cam surfaces 34
and the cylindrical surface 33 of the first-speed two-way
roller clutch 30A when the rollers 35 engage therebe-
tween, thereby minimizing the shock when the rollers 35
engage.
[0140] If the difference in rotational speed between the
cam surfaces 34 and the cylindrical surface 33 is ex-
tremely small when the shift ring 51 has reached the first-
speed shift position SP1f, the first-speed two-way roller
clutch 30A may not engage completely by the end of the
period dt2. But in such a case, as soon as the electric
motor 10 generates torque corresponding to the degree
of opening of the accelerator at the end of the period dt2,

29 30 



EP 2 662 256 A1

17

5

10

15

20

25

30

35

40

45

50

55

the first-speed two-way roller clutch 30A engages com-
pletely due to a sufficient difference in rotational speed
created between the cam surfaces 34 and the cylindrical
surface 33.
[0141] When downshifting by disengaging the second-
speed two-way roller clutch 30B, the torque transmitted
between the input shaft 21 and the output shaft 22 is
reduced to zero or reversed in direction in the above-
described manner. Thus, the torque transmitted between
the input shaft 21 and the output shaft 23 does not act
to prevent disengagement of  the second-speed two-way
roller clutch 30B, so that it is possible to reliably disen-
gage the second-speed two-way roller clutch 30B.
[0142] Torque is not being transmitted between the in-
put and output shafts during the period from time t1 to
time t6 in any of Figs. 22 to 24. But torque is being trans-
mitted between the input shaft 21 and the output shaft
22 during the period from the time when the shift ring 51
begins to move (time 0) until the shift ring 51 reaches the
torque control starting position SP2t (time t1). Thus, with
this arrangement, the period during which no torque is
being transmitted between the input shaft and the output
shaft is shorter than when the torque of the electric motor
10 is controlled so that the torque transmitted between
the input shaft 21 and the output shaft 22 decreases to
zero as soon as the shift ring 51 begins to move.
[0143] According to the present invention, in order to
disengage the second-speed two-way roller clutch 30B
while torque is being transmitted between the input shaft
21 and the output shaft 22 in the negative direction, the
ECU controls the electric motor 10 such that the motor
10 generates positive torque, and thus positively uses
the torque transmitted between the input shaft 21 and
the output shaft 22 corresponding to the positive torque
generated from the motor in disengaging the second-
speed two-way roller clutch 30B. With this arrangement,
it is possible to more reliably disengage the second-
speed two-way roller clutch 30B than when simply reduc-
ing the torque generated from the electric motor 10 to
zero in an attempt to disengage the first-speed two-way
roller clutch 30A. Moreover, the positive torque generat-
ed from the electric motor 10 serves to accelerate the
input shaft 21, thus shortening the time until the later-
stage  synchronization is completed.
[0144] Also according to the present invention, in order
to disengage the second-speed two-way roller clutch 30B
while torque is being transmitted between the input shaft
21 and the output shaft 22 in the positive direction, the
ECU reduces the torque generated from the electric mo-
tor 10 to zero. Thus, compared to an arrangement in
which negative torque is generated from the electric mo-
tor 10 in an attempt to disengage the clutch 30A, it is
possible to minimize the degree of deceleration of the
input shaft 21 when disengaging the second-speed two-
way roller clutch 30B, thereby shortening the time until
the later-stage synchronization step is completed.
[0145] In the embodiment, the annular protrusion 58
is formed on the spacer 41 rotationally fixed to the inner

ring 31. But the spacer 41, which is formed with the an-
nular protrusion 58, may be rotationally fixed directly to
the output shaft 22. Also, the annular protrusion 58 may
be directly formed on the outer periphery of the output
shaft 22.

DESCRIPTION OF THE NUMERALS

[0146]

1. Front wheel
2. Rear wheel
10. Electric motor
20. Transmission
21. Input shaft
22. Output shaft
23. First-speed gear train
24. Second-speed gear train
30A. First-speed two-way roller clutch
30B. Second-speed two-way roller clutch
31. Inner ring
33. Cylindrical surface
34. Cam surface
35. Roller
36. Retainer
38. Switch spring
50. Shifting actuator
51. Shift ring
52a. First-speed friction plate (friction plate)
52b. Second-speed friction plate (friction plate)
57a. Anti-rotation means for the first-speed friction
plate
57b. Anti-rotation means for the second-speed fric-
tion plate
58. Annular protrusion
59. Anti-rotation groove
60a, 60b. Anti-rotation protrusion
61. Anti-rotation means for the shift ring
62. Cutout
63. Projection
70. Shift mechanism
71. Shift rod
73. Shift fork
74. Rolling bearing
75. Shift sleeve
77. Actuator
78. Motor
80. Motion converter mechanism
82. Idler gear (nut member)
84. Internal thread
85. External thread
90. Differential

Claims

1. A motor drive assembly for use in a vehicle, com-
prising:
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an electric motor (10);
an input shaft (21) to which the rotation of the
electric motor (10) is transmitted;
a first input gear (23a) and a second input gear
(24a) both mounted on the input shaft (21);
a first output gear (23b) and a second output
gear (24b) meshing with the first input gear (23a)
and the second input gear (24a), respectively;
an output shaft (22) carrying the first output gear
(23b) and the second output gear (24b);
a differential (90) through which the rotation of
the output shaft (22) is distributed to right and
left wheels;
wherein either the first input gear (23a), the sec-
ond input gear (24a) and the input shaft (21) or
the first output gear (23b), the second output
gear (24b) and the output shaft (22) constitute
a first control gear (23b), a second control gear
(24b) and a control gear support shaft (22), re-
spectively, the first and second control gears
(23b and 24b) being rotatably supported by the
control gear support shaft (22) through respec-
tive bearings (43);
a first two-way roller clutch (30A) through which
torque can be selectively transmitted between
the first control gear (23b) and the control gear
support shaft (22);
a second two-way roller clutch (30B) through
which torque can be selectively transmitted be-
tween the second control gear (24b) and the
control gear support shaft (22); and
a shifting actuator (50) for selectively engaging
either one of the  first two-way roller clutch (30A)
and the second two-way roller clutch (30B);
wherein the first two-way roller clutch (30A) com-
prises a cylindrical surface (33) formed on one
of the inner periphery of the first control gear
(23b) and the outer periphery of the control gear
support shaft (22), cam surfaces (34) formed on
the other of the inner periphery of the first control
gear (23b) and the outer periphery of the control
gear support shaft (22), rollers (35) mounted be-
tween the respective cam surfaces (34) and the
cylindrical surface (33), a first retainer (36) re-
taining the rollers (35) and rotatable relative to
the control gear support shaft (22) between an
engaging position where the rollers (35) are en-
gaged between the respective cam surfaces
(34) and the cylindrical surface (33) and a neu-
tral position where the rollers (35) are not en-
gaged, and a first switch spring (38) elastically
biasing the first retainer (36) toward the neutral
position;
wherein the second two-way roller clutch (30B)
comprises a cylindrical surface (33) formed on
one of the inner periphery of the second control
gear (24b) and the outer periphery of the control
gear support shaft (22), cam surfaces (34)

formed on the other of the inner periphery of the
second control gear (24b) and the outer periph-
ery of the control gear support shaft (22), rollers
(35) mounted between the respective cam sur-
faces (34) and the cylindrical surface (33), a sec-
ond retainer (36) retaining the rollers (35) and
rotatable relative to the control gear support
shaft (22) between an engaging position where
the rollers (35) are engaged between the re-
spective cam surfaces (34) and the cylindrical
surface (33) and a neutral position where the
rollers (35) are not engaged, and a second
switch spring (38) elastically biasing the second
retainer (36) toward the neutral position;
wherein the shifting actuator (50) comprises a
first friction plate  (52a) rotationally fixed to the
first retainer (36) and axially movable between
a position in contact with a side of the first control
gear (23b) and a position spaced apart from the
side of the first control gear (23b), a first sepa-
ration spring (56) biasing the first friction plate
(52a) in a direction away from the side of the
first control gear (23b), a second friction plate
(52b) rotationally fixed to the second retainer
(36) and axially movable between a position in
contact with a side of the second control gear
(24b) and a position spaced apart from the side
of the second control gear (24b), a second sep-
aration spring (56) biasing the second friction
plate (52b) in a direction away from the side of
the second control gear (24b), a shift ring (51)
axially movable between a first shift position
(SP1f) where the shift ring (51) presses the first
friction plate (52a) against the side of the first
control gear (23b) and a second shift position
(SP2f) where the shift ring (51) presses the sec-
ond friction plate (52b) against the side of the
second control gear (24b), and a shift mecha-
nism (70) for axially moving the shift ring (51);
wherein one and the other of the first friction
plate (52a) and the shift ring (51) are formed with
a first engaging protrusion (66a) and a first en-
gaging recess (65), respectively, the first engag-
ing protrusion (66a) and the first engaging re-
cess (65) being configured such that when the
shift ring (51) is in the first shift position (SP1f),
the first engaging protrusion (66a) is engaged
in the first engaging recess (65), thereby pre-
venting rotation of the shift ring (51) relative to
the first friction plate (52a), and when the shift
ring (51) is in the second shift position (SP2f),
the first engaging protrusion (66a) is not en-
gaged in the first engaging recess (65);
wherein one and the other of the second friction
plate (52b) and the shift ring (51) are formed with
a second engaging protrusion (66b) and a  sec-
ond engaging recess (65), respectively, the sec-
ond engaging protrusion (66b) and the second
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engaging recess (65) being configured such that
when the shift ring (51) is in the second shift
position (SP2f), the second engaging protrusion
(66b) is engaged in the second engaging recess
(65), thereby preventing rotation of the shift ring
(51) relative to the second friction plate (52b),
and when the shift ring (51) is in the first shift
position (SP1f), the second engaging protrusion
(66b) is not engaged in the second engaging
recess (65);
wherein a projection (63) and an annular protru-
sion (58) are formed on one and the other of the
inner periphery of the shift ring (51) and the outer
periphery of the control gear support shaft (22),
respectively, wherein the annular protrusion
(58) is formed with a cutout (62) through which
the projection (63) can axially pass, wherein the
projection (63) and the annular protrusion (58)
are configured such that when the projection
(63) is axially aligned with the cutout (62) of the
annular protrusion (58), the projection (63) can
pass through the cutout (62), thereby allowing
axial movement of the shift ring (51) between
the first shift position (SP1f) and the second shift
position (SP2f), and when the projection (63) is
axially separated from and circumferentially dis-
placed from the cutout (62) of the annular pro-
trusion (58), the projection (63) interferes with
the annular protrusion (58), thereby preventing
axial movement of the shift ring (51) between
the first shift position (SP1f) and the second shift
position (SP2f);
wherein the motor drive assembly further com-
prises an electronic control unit (100) for con-
trolling the movement of the shifting actuator
(50) and torque generated from the electric mo-
tor (10);
wherein the electronic control unit (100) com-
prises:

a shifting movement start control means
(S2) for starting movement  of the shift ring
(51) from one (SP1f) of the first shift position
(SP1f) and the second shift position (SP2f)
corresponding to the current one of two
speed ratios toward the other shift position
(SP2f), which corresponds to the next one
of the two speed ratios, when a command
is received to shift the speed ratio by disen-
gaging one of the first two-way roller clutch
(30A) and the second two-way roller clutch
(30B) corresponding to the current speed
ratio and engaging the other two-way roller
clutches (30B), which corresponds to the
next speed ratio;
a position determining means (S3) for de-
termining whether the shift ring (51) has
reached a predetermined torque control

starting position (SP1t) after the control of
the shifting movement start control means
has been executed;
a torque control means (S5 and S8) for con-
trolling the torque generated from the elec-
tric motor (10) such that torque transmitted
between the input shaft (21) and the output
shaft (22) decreases to zero or is reversed
in direction when the shift position determin-
ing means (S3) determines that the shift ring
(51) has reached the torque control starting
position (SP12t); and
a synchronization control means (S8 to
S27) for synchronizing the rotational speed
of the input shaft with the rotational speed
of the output shaft (22) corresponding to the
next speed ratio (r2) after controlling the
torque with the torque control means (S6
and S8).

2. The motor drive assembly of claim 1, wherein the
electronic control unit (100) further comprises a
torque direction determining means (S4) for deter-
mining whether the torque being transmitted be-
tween the input shaft (21) and the output shaft (22)
is torque in a positive direction that tends to  accel-
erate the output shaft (22) from the input shaft (21),
or torque in a negative direction that tends to decel-
erates the output shaft (22) from the input shaft (21),
when the command to shift the speed ratio is re-
ceived.

3. The motor drive assembly of claim 2, wherein the
torque control means (S8) controls the electric motor
(10) such that the motor (10) generates negative
torque (T2) which decelerates the rotation of the mo-
tor (10), if the command to shift the speed ratio is a
command to upshift and if the direction of the torque
(T1) detected by the torque direction determining
means (S4) is the positive direction.

4. The motor drive assembly of claim 3, wherein the
synchronization control means (S8 to S27) main-
tains the torque (T) generated from the electric motor
(10) at the negative torque (T2) until the difference
between the actual rotational speed of the input shaft
(21) and the rotational speed of the input shaft (21)
in the next speed ratio which is calculated based on
the rotational speed of the output shaft (22) decreas-
es to a predetermined threshold (DN2) or below, if
the command to shift the speed ratio is a command
to upshift and if the direction of the torque (T1) de-
tected by the torque direction determining means
(S4) is the positive direction.

5. The motor drive assembly of any of claims 2 to 4,
wherein the torque control means (S5 and S8) con-
trols the electric motor (10) such that the motor (10)
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generates positive torque (T4) which accelerates the
rotation of the motor (10), if the command to shift the
speed ratio is a command to upshift and if the direc-
tion of the torque (T1) detected by the torque direc-
tion determining means (S4) is the negative direc-
tion.

6. The motor drive assembly of any of claims 2 to 5,
wherein the synchronization control means (S8 to
S27) controls the electric motor (10) such that the
motor (10) generates negative torque (T2) which de-
celerates the rotation of the motor (10), and main-
tains the torque (T) generated from the electric motor
(10) at the negative torque (T2) until the difference
between the actual rotational speed of the input shaft
(21) and the rotational speed of the input shaft (21)
in the next speed ratio which is calculated based on
the rotational speed of the output shaft (22) decreas-
es to a predetermined threshold (DN2) or below, if
the command to shift the speed ratio is a command
to upshift and if the direction of the torque (T1) de-
tected by the torque direction determining means
(S4) is the negative direction.

7. The motor drive assembly of any of claims 2 to 6,
wherein the torque control means (S5 and S8) con-
trols the torque (T) generated from the electric motor
(10) to zero, if the command to shift the speed ratio
is a command to downshift and if the direction of the
torque (T1) detected by the torque direction deter-
mining means (S4) is the positive direction.

8. The motor drive assembly of any of claims 2 to 7,
wherein the synchronization control means (S8 to
S27) controls the electric motor (10) such that the
motor (10) generates positive torque (T2) which ac-
celerates the rotation of the motor (10), and main-
tains the torque (T) generated from the electric motor
(10) at the positive torque (T2) until the difference
between the actual rotational speed of the input shaft
(21) and the rotational speed of the input shaft (21)
in the next speed ratio which is  calculated based on
the rotational speed of the output shaft (22) decreas-
es to a predetermined threshold (DN2) or below, if
the command to shift the speed ratio is a command
to downshift and if the direction of the torque (T1)
detected by the torque direction determining means
(S4) is the positive direction.

9. The motor drive assembly of any of claims 2 to 8,
wherein the torque control means controls the elec-
tric motor (10) such that the motor (10) generates
positive torque (T2) which accelerates the rotation
of the motor (10), if the command to shift the speed
ratio is a command to downshift and if the direction
of the torque (T1) detected by the torque direction
determining means (S4) is the negative direction.

10. The motor drive assembly of any of claims 2 to 9,
wherein the synchronization control means (S8 to
S27) maintains the torque (T) generated from the
electric motor (10) at positive torque (T2) until the
difference between the actual rotational speed of the
input shaft (21) and the rotational speed of the input
shaft (21) in the next speed ratio which is calculated
based on the rotational speed of the output shaft (22)
decreases to a predetermined threshold (DN2) or
below, if the command to shift the speed ratio is a
command to downshift and if the direction of the
torque (T1) detected by the torque direction deter-
mining means (S4) is the positive direction.

11. An electric vehicle comprising a pair of right and left
front wheels (1) provided at a front portion of the
vehicle, a pair of right and left rear wheels (2) pro-
vided at a rear portion of the vehicle, and the motor
drive  assembly of any of claims 1 to 10, wherein the
motor drive assembly is configured to drive at least
one pair of the pairs of front wheels and rear wheels.

12. A hybrid vehicle comprising a pair of right and left
front wheels (1) provided at a front portion of the
vehicle, a pair of right and left rear wheels (2) pro-
vided at a rear portion of the vehicle, an engine (E)
for driving one pair of the pairs of front wheels and
rear wheels, and the motor drive assembly of any of
claims 1 to 10, wherein the motor drive assembly is
configured to drive the other pair of the pairs of front
wheels and rear wheels.
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